We demonstrate a pump-probe approach for the detection of organophosphonate compounds on substrates, in which the pump pulse fragments the parent molecule and the released phosphorous monoxide (PO) fragment is probed using laser-induced fluorescence.
Introduction
The remote detection of surface-bound chemical residues of fundamental importance to homeland and military defense because many threat materials exhibit low volatility and are likely to be found as a molecular or particulate surface deposition. Methods based on light absorption and direct fluorescence often fail in sensing trace surface deposits because their spectral signatures are weak and/or unstructured, and can be masked by that of the underlying material. Raman has been successfully applied to measurement of these species; however, Raman cross sections are often low relative to fluorescence or absorption. Motivated by the need to detect trace organophosphate chemical warfare agents (CWAs) on surfaces, we evaluate the detection of CWA surrogates with a two-pulse approach, in which (1) the first pulse fragments the non-fluorescent surface-bound molecule and (2) the second pulse probes the released, highly fluorescent phosphorous monoxide (PO) fragment using LIF. The method is referred to as photofragment laser-induced-fluorescence (PF-LIF), and the focus of the current effort is to extend previous vapor phase assessments of PF-LIF of organophosphonates [1, 2] to the solid phase.
Experimental apparatus
A frequency quadrupled Nd:YAG laser generates the 266-nm pump beam, and the PO LIF probe is generated by a frequency-converted dye laser, providing excitation at 245-248
Emission is collected at a selected wavelength in the range of 250-265 nm [A 2 Σ + → X 2 П(0,1) and (0,2)], similar to the detection schemes implemented on vapor-phase dimethyl methyl phosphonate (DMMP) and diethyl methyl phosphonate (DEMP) [1, 2] . In addition to liquid-phase DMMP and DEMP, we also assess the approach against liquid-phase diisopropyl methyl phosphonate (DIMP) and diisopropyl isopropyl phosphonate (DIPP). 
PF-LIF spectra with different backgrounds and simulants
PF-LIF spectra of DMMP deposited on several realistic surfaces (see Fig. 3 ) are shown to contain PO spectral features detailed in Fig. 2 . No substrate LIF or Raman signals interfere with the strong PO-LIF signals produced by the relatively high concentrations (100's of g/cm 2 ) of simulant, suggesting that the PF-LIF process could be useful on multiple surface types, and supporting the notion that there is a low LIF background when excitation occurs near 248 nm [3] . Measurements are also made with multiple simulants to demonstrate that the reaction is not limited to fragmentation of a single molecular species. 
Further studies
This effort confirms that PF-LIF can be successfully performed on surface-bound materials, and demonstrates the generality for detection of organophosphonates. As a next step we seek to calibrate the approach. Chemical measurement approaches are usually calibrated by varying the analyte concentration and measuring the resulting signal strength, but detection of surface-bound chemicals is difficult to evaluate because (1) the chemical deposition is typically inhomogeneous, (2) the surface itself often possesses significant irregularity, and (3) the measurement approach can alter the sample chemistry and morphology, so repeated probing of the same spatial location will yield different results. We have developed a quantitative deposition approach utilizing an air-brush to provide a reasonably even film on the surface, which is rotated during the measurement so that each pulse-pair measurement probes a different spatial location. The subsequent analysis of single-pulse-pair data will provide estimates of detection limits.
